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Lipoprotein (LDL) Apheresis on Restenosis after 
Percutaneous Transluminal Coronary Angioplasty (PTC A): 
Is Lowering Lp(a) by LDL Apheresis Effective on 
Restenosis after PTCA? 

Seiyu Kanemitsu, Noboru Takekoshi, Shinobu Matsui, Hiroichi Tsugawa, Shinji Ohkubo, 
Michihiko Kitayama, Takeshi Matsuda, Junji Senma, Kazuhiko Masuyama, 
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Abstract: It has been reported that serum lipoprotein(a) 
(Lp[a]) levels in patients with restenosis after percutane- 
ous transluminal coronary angioplasty (PTCA) were sig- 
nificantly higher than in patients without restenosis. In this 
study, we evaluated the preventive effect of LDL apher- 
esis on restenosis after PTCA in patients with hypercho- 
lesterolemia. For 10 patients who had shown a serum cho- 
lesterol level of more than 220 mg/dl despite treatment 
with antihypercholesterolemic drugs, LDL apheresis was 
conducted every 2 weeks after a successful PTCA until 
restenosis could be checked. In 4 patients, LDL apheresis 
was conducted for 2 years. LDL apheresis significantly 
reduced serum cholesterol from 248 ± 22 mg/dl to 135 ± 26 



mg/dl and Lp(a) from 42 ± 34 mg/dl to 21 ± 16 mg/dl. The 
average degree of stenosis in the 11 lesions undergoing 
PTCA was 92 ± 6% before PTCA, 35 ± 10% immediately 
after PTCA, and 38 ± 19% at 3 to 4 months after PTCA. 
Restenosis was observed in only 1 lesion. In 4 patients who 
received LDL apheresis for 2 years, restenosis did not oc- 
cur in any of the 4 lesions treated. We concluded that LDL 
apheresis was an efficacious therapy to prevent restenosis 
after PTCA in patients with hypercholesterolemia. Key 
Words: Restenosis after percutaneous transluminal coro- 
nary angioplasty — Lipoprotein(a)— Low-density lipopro- 
tein apheresis. 



Percutaneous transluminal coronary angioplasty 
(PTCA) has been shown to be effective in relieving 
myocardial ischemia in patients with coronary artery 
disease. Restenosis after PTCA occurs in approxi- 
mately 25 to 40% of patients (1-5), but there are no 
established preventive measures against restenosis. 
Restenosis after PTCA cannot be successfully pre- 
vented by any drugs including heparin (6), antiplate- 
let drugs (7), anticoagulants (8), calcium channel 
blockers (9), thromboxane A 2 receptor blockers 
(10), and steroids (11). Recently, lipoprotein(a) 
(Lp[a]) has attracted attention as an independent 
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risk factor in coronary disease (12) and is an indica- 
tor of myocardial infarction (13), unstable angina 

(14) , and vein graft stenosis after a bypass procedure 

(15) . It is reported that Lp(a) is elevated in patients 
with restenosis after PTCA (16,17). In this study, we 
evaluated the usefulness of low-density lipoprotein 
(LDL) apheresis in reducing serum cholesterol and 
Lp(a) levels to prevent restenosis after PTCA in pa- 
tients with hypercholesterolemia. 

METHOD 

Study population 

The study population consisted of 10 patients, 1 
with acute myocardial infarction, 5 with previous 
myocardial infarction, and 4 with effort angina pec- 
toris. Eligibility criteria for this study included a se- 
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rum cholesterol level of 220 mg/dl or more despite 
treatment with 2 or 3 types of antihypercholesterol- 
emic drugs among pravastatin, probucol, and chole- 
styramine, and successful PTCA. The angioplasty 
procedure was performed by the femoral approach 
according to standard technique. PTCA was consid- 
ered successful if it reduced the diameter of the 
stenosis to 50% or less. We performed 9 elective 
PTCAs and 1 emergency PTCA. 

Study design 

Ten patients who underwent successful PTCA 
procedures were enrolled in this study. AH patients, 
treated with antihypercholesterolemic drugs, under- 
went LDL apheresis every 2 weeks after a successful 
PTCA for 3 to 4 months until restenosis could be 
confirmed. Thereafter 4 patients underwent LDL 
apheresis for 2 years. The first LDL apheresis ses- 
sion was performed 2 to 3 days after PTCA, and an 
average of 3 L of plasma was processed in each pro- 
cedure to reduce serum cholesterol. LDL apheresis 
was performed with the selective plasma LDL ad- 
sorption method using a membrane plasma separa- 
tor, the Sulflux FS-OS, and dextran sulfate cellulose 
columns, the Liposorber LA-40 columns (Kaneka 
Corporation, Osaka, Japan) (18). Blood access was 
obtained by puncturing the bilateral peripheral veins 
with an angiocutter. The processing volume of each 
LDL apheresis session was determined by the serum 
cholesterol level of each patient. Follow-up coronary 
arteriograms were performed 3-4 months after 
PTCA. In 4 patients who underwent LDL apheresis 
for 2 years, follow-up coronary arteriograms were 
performed 2 years after PTCA. We measured coro- 
nary stenosis using computer analysis (Catex CCIP- 
310), and measurements were made in a single pro- 
jection, showing the most severe stenosis. We 
defined restenosis as narrowing of over 50% of the 
patency obtained by PTCA. 

Serum lipid measurements 

In all patients, blood samples were drawn after a 
12 h fast the morning after admission. All patients 
had been treated with 2 or 3 types of drugs, consist- 
ing of pravastatin, probucol, and cholestyramine, but 
their serum cholesterol levels were higher than 220 
mg/dl. We measured the levels of total cholesterol, 
triglyceride, high-density lipoprotein (HDL) choles- 
terol, LDL cholesterol, apolipoprotein (apo) A-I, 
apo B, and Lp(a) before and after LDL apheresis in 
all patients. The levels of total cholesterol and tri- 
glyceride were determined (19) with intraassay. The 
HDL cholesterol levels were determined enzymati- 
cally using the same method as that used for total 



cholesterol. Values for the LDL cholesterol levels 
were calculated using the Friedenwald formula (20). 
Apo A-I and apo B levels were determined by ra- 
dioimmunoassay (21). Lp(a) was measured using a 
commercially available enzyme linked immunosor- 
bent assay (ELISA) kit (Tint Eliza Lp[a] kit, Bio- 
pool AB, Umea, Sweden) (22). The assay, which 
uses polyclonal antibodies raised against purified 
Lp(a), has been shown to be specific, sensitive, re- 
producible, and appropriate for routine clinical ap- 
plication. 

Statistical analysis 

Changes in serum lipids attributable to LDL 
apheresis were compared using the unpaired Stu- 
dent's /-test. Changes in coronary stenosis before 
and after PTCA were compaired using the unpaired 
r-test. Probability levels of less than 0.05 were con- 
sidered to be significant. Data are expressed as 
means ± SD. 

RESULTS 

Characteristics of study patients 

Ten patients who underwent successful PTCA 
participated in the study (Table 1). They were 9 men 
and 1 woman, aged from 50 to 62 years, with an 
average age of 54 ± 7 years. One patient had acute 
myocardial infarction, 5 patients had previous myo- 
cardial infarction, and 4 patients had angina pectoris. 
PTCA was performed in 10 patients on 11 lesions, 
including 4 left anterior descending artery (LAD), 6 
left circumflex artery (LCX), and 1 right coronary 
artery (RCA). The balloon sizes used were three 2.5 
mm, seven 3.0 mm, and one 3.5 mm. The reference 
diameter was 3.23 ± 0.75 mm, the minimum diameter 
was 0.25 ± 0.19 mm, and the percent diameter ste- 
nosis was 92 ± 6% before PTCA. Clinical success 
without major complication was achieved in all pa- 
tients, but 2 patients had minor dissection at the 
PTCA sites. All patients were treated with 2 or 3 
types of drugs, including pravastatin, probucol, and 
cholestyramine, but their serum cholesterol levels re- 
mained higher than 220 mg/dl. 

Changes in serum lipids before and after 
LDL apheresis 

LDL apheresis treatment significantly decreased 
the levels of serum cholesterol, triglyceride, LDL 
cholesterol, apo B, and Lp(a), but there was no 
change in the level of HDL cholesterol (Table 2). 
Serum cholesterol significantly decreased from 248 ± 
22 to 135 ± 26 mg/dl, LDL cholesterol from 184 ± 33 
to 86 ± 23 mg/dl, apo B from 125 ± 14 to 67 ± 12 
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TABLE 1. Patients' baseline characteristics 





Age 






PTCA performed 


Serum cholesterol 


Triglyceride 


Patient 


(years) 


Sex 


Diagnosis 


vessel 


(mg/dl) 


(mg/dl) 


KK 


50 


M 


Previous 
MI 


LCX 


406 


166 


KM 


62 


M 


Previous 
MI 


LCX 


270 


168 


NT 


60 


M 


AP 


RCA 


377 


63 


JM 


62 


M 


AP 


LAD 
LCX 


255 


181 


NS 


62 


F 


AP 


LAD 


232 


635 


MN 


49 


M 


Acute 
MI 


LCX 


320 


103 


TN 


44 


M 


AP 


LAD 


236 


127 


MH 


52 


M 


Previous 
MI 


LCX 


262 


165 


MH 


50 


M 


Previous 

Mr 


LCX 


247 


160 


MS 


45 


M 


Previous 
MI 


LAD 


268 


318 



PTCA, percutaneous transluminal coronary angioplasty; M, male; F, female; ML myocardial infarc- 
tion; LCX, left circumflex artery; RCA, right coronary artery; LAD, left anterior descending artery; AP, 
angina pectoris. 



mg/dl, and Lp(a) from 42 ± 34 to 21 ± 16 mg/dl (Fig. 
1). However, in about 2 weeks, serum cholesterol 
and Lp(a) returned to their pretreatment levels. 

Changes in coronary stenosis 

The average degree of stenosis in the 11 lesions 
undergoing PTCA was 92 ± 6% before PTCA, 35 ± 
10% immediately after PTCA, and 38 ± 19% at 3-4 
months after PTCA (Table 3). Restenosis was ob- 
served in 1 lesion 3-4 months after PTCA. Ten le- 
sions did not show restenosis. The incidence of re- 
stenosis in the patients was 10% and for lesions was 
9% in the hyercholesterolemic patients undergoing 
LDL apheresis. Four patients underwent LDL 
apheresis for 2 years, and restenosis did not occur in 
any of their 4 lesions. The average degree of stenosis 
in the 4 lesions was 38 ± 5% (Table 4). 



A patient who developed restenosis after PTCA 
despite LDL apheresis 

A 49-year-old hypercholesterolemic man with se- 
vere chest pain was admitted to our hospital 5 h after 
the onset of chest pain. Emergency coronary angi- 
ography revealed that his LCX segment 13 had 98% 
stenosis with delayed filling, so we performed direct 
PTCA on this lesion. PTCA successfully dilated the 
segment up to 47%. This patient was hypercholes- 
terolemic and had been treated with pravastatin and 
probucol at a nearby hospital, but his serum choles- 
terol was 320 mg/dl, and Lp(a) was 80 mg/dl on ad- 
mission to our hospital. He had acute myocardial 
infarction, and an LDL apheresis session was per- 
formed 6 days after hospitalization. After LDL 
apheresis was carried out with a plasma processing 
volume of 3 L, his cholesterol decreased from 276 ± 



TABLE 2. Changes in serum lipids before and after LDL apheresis 



Cholesterol Triglyceride HDL-cholesterol LDL-cholestcrol Apo(b) Lp(a) 

(mg/d!) (mg/dl) (mg/dl) (mg/dl) (mg/dl) (mg/dl) 



Patient 


Before 


After 


Before 


After 


Before 


After 


Before 


After 


Before 


After 


Before 


After 


KK 


282 


158 


86 


47 


25 


26 


235 


123 


152 


84 


39 


21 


KM 


228 


135 


255 


105 


39 


39 


181 


75 


108 


65 


21 


9 


NT 


233 


101 


67 


23 


36 


34 


184 


62 


146 


66 


25 


10 


JM 


249 


138 


110 


35 


29 


28 


198 


103 


117 


76 


26 


14 


NS 


220 


90 


237 


63 


30 


31 


131 


46 


116 


43 


31 


13 


MH 


283 


117 


142 


31 


23 


26 


225 


83 


130 


52 


114 


41 


TN 


240 


123 


106 


26 


33 


29 


181 


88 


123 


59 


8 


4 


MH 


230 


146 


284 


133 


26 


29 


133 


84 


115 


72 


9 


6 


MH 


247 


160 


118 


37 


29 


30 


189 


121 


112 


73 


93 


55 


MS 


267 


179 


195 


74 


40 


34 


178 


70 


130 


77 


53 


36 


Mean ± SD 


248 ±22 


135 ±28 


160 ±77 


57 ± 37 


31 ±6 


31 ±4 


184 ±33 


86 ± 25 


125 ±15 


67 ± 12 


42 ± 35 


21 ±17 



LDL, low-density lipoprotein; HDL, high-density lipoprotein; Apo(b), apolipoprotein (b); Lp(a), lipoprotein (a); SD, standard deviation. 
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FIG. 1. As shown by the changes 
in serum lipids before and after 
LDL aphcresis, serum cholesterol, 
LDL cholesterol, apo B, and Lp(a) 
are significantly decreased by 
LDL apheresis. 



Before After Before After Before After 

* px0.05 

ship between Lp(a) and the blood coagulation- 
fibrinolytic system, attention has focused on Lp(a) as 
a risk factor for atherosclerosis. Previous reports 
have established that elevated Lp(a) is a predictor of 
myocardial infarction, angiographic coronary artery 
disease, and vein graft stenosis after bypass proce- 
dures. James reported that serum Lp(a) levels in pa- 
tients with restenosis after PTCA were significantly 
higher than in patients without restenosis, and serum 
Lp(a) levels were a potent predictor of restenosis 
after PTCA. In our study, we performed LDL apher- 
esis to prevent restenosis in patients with hypercho- 
lesterolemia and investigated the therapeutic effect 
of aggressively reducing serum cholesterol and 
Lp(a). LDL apheresis sessions were repeated once 
every 2 weeks for 3 to 4 months in all 10 patients, and 
serum cholesterol significantly decreased from 244 ± 
27 to 135 ± 26 mg/dl and Lp(a) from 42 ± 34 to 21 ± 
16 mg/dl. The incidence of restenosis for the patients 
was 10% and for the lesions was 9%. Four patients 
who underwent LDL apheresis for 2 years did not 
experience restenosis in any of their four lesions. In 
a patient who developed restenosis after PTCA, se- 



TABLE 3. Changes in coronary stenosis before PTCA, immediately after PTCA, 
and 3-4 months after PTCA 





PTCA 


Before 


Immediately 


After 3-4 


Restenosis 


Patient 


vessel 


PTCA (%) 


after (%) 


months (%) 


(%) 


KK 


LCX 


95 


39 


37 




KM 


LCX 


84 


15 


20 




NT 


RCA 


97 


37 


34 




JM 


LAD 


89 


35 


50 






LCX 


96 


27 


34 




NS 


LAD 


92 


24 


42 




MH 


LCX 


98 


47 


87 


+ 


TN 


LAD 


98 


40 


28 




MH 


LCX 


95 


30 


20 




MH 


LCX 


87 


46 


35 




MS 


LAD 


81 


44 


25 






Mean ± SD 


92±6 


35 ±10 


38 ± 19 





PTCA, percutaneous transluminal coronary angioplasty; LCX, left circumflex artery; RCA, 
right coronary artery; LAD, left anterior descending artery; SD, standard deviatiion. 
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Cholesterol 



1 



LOL-cholastorol 



I 1 



Apo(B) 
+ 

I 1 



24 to 119 ± 31 mg/dl and Lp(a) from 94 ± 28 to 53 ± 

25 mg/dl (Fig. 2). Coronary angiography performed 
1 month later revealed that the PTCA site of his 
LCX segment 13 had no restenosis. LDL apheresis 
was repeated once every 2 weeks on an outpatient 
basis, but the Lp(a) level after 4 months remained at 
100 mg/dl. Coronary angiography after 4 months re- 
vealed that the PTCA site segment 13 had 87% ste- 
nosis, indicating the development of restenosis. 

DISCUSSION 

Restenosis after successful PTCA remains a major 
problem. The results of several clinical trials using 
anticoagulants, calcium antagonists, corticosteroids, 
or mechanical interventions have failed to show any 
effect on the restenosis rate. Recently Lp(a) has at- 
tracted attention as an independent risk factor for 
atherosclerotic coronary disease. In addition, be- 
cause apo A specific to Lp(a) is similar in structure 
to plasminogen, Lp(a) competitively suppresses the 
binding between the plasminogen activator and plas- 
minogen (23). From the viewpoint of the relation- 
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TABLE 4. Changes in coronary stenosis 





PTCA 


Before 


Immediately 


After 3-4 


After 2 


Patient 


vessel 


PTCA (%) 


after (%) 


months (%) 


years (%) 


KK 


LCX 


91 


41 


31 


45 


KM 


LCX 


82 


41 


32 


36 


NS 


LAD 


82 


33 


30 


37 


MH 


LCX 


89 


34 


22 


34 




Mean ± SD 


86±5 


37±4 


29±5 


38 ± 5 



PTCA, percutaneous transluminal coronary angioplasty; LCX, left circumflex artery; RCA, 
right coronary artery; LAD, left anterior descending artery; SD, standard deviation. 



rum Lp(a) levels remained very high despite the 
LDL apheresis. This study suggested that LDL 
apheresis was an efficacious therapy to prevent re- 
stenosis after PTCA and that Lp(a) might influence 
the development of restenosis after PTCA. Evidence 
from a post-PTCA autopsy series and angioscopy in 
patients has shown that mural thrombus formation is 
present in the majority of patients (24). Thrombus is 
thought to provide growth promoting or chemotactic 
factors including platelet derived growth factor, 
thrombin, and serotonin (25). Because Lp(a) inter- 
feres with fibrinolysis through inhibition of binding 
between plasminogen and plasminogen activator, 
Lp(a) may influence the formation of thrombus after 
PTCA. Another possibility is that Lp(a) or its de- 
rivatives promote growth of vascular smooth muscle 
cells. However, there are no known studies examin- 
ing this possibility, and our study is too small to 
evaluate this possibility. Hypercholesterolemia is an 
important risk factor for coronary atherosclerosis, 
but its role in coronary restenosis remains unclear. 
Myler et al. (26), in a report on 494 patients, de- 
scribed a history of hypercholesterolemia in the 6 
months preceding PTCA as a significant risk factor 
for restenosis after PTCA. Reports concerning the 
effect of lipid lowering drugs on the prevention of 
restenosis after PTCA have been widely discordant. 
Rakesh observed that lovastatin significantly re- 
duced the incidence of restenosis after successful 
PTCA with possible mechanisms being decreases in 



j -o- Total cholesterol 
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2/19 26 3/5 12 25 4/8 17 5/1 15 29 6/12 26 7/10 15 
AMI CAG 

FIG. 2. Shown are the changes in serum cholesterol and Lp(a) 
before and after LDL apheresis (open circle, lotal cholesterol; 
closed circle, Lp[a]). 



serum cholesterol level and smooth muscle cell pro- 
liferation (27). Okamura et al. (28) reported that in 
6 familial hypercholesterolemic patients who re- 
ceived PTCA under LDL apheresis, no restenosis 
was observed. Their results are similar to ours. LDL 
apheresis can be safely performed without any side . 
effects except for hypotension, which may occur at 
the beginning of treatment in some patients but can 
be easily improved with the infusion of saline. How- 
ever, serum cholesterol and Lp(a) nearly return to 
pretreatment levels after 2 weeks, and it is necessary 
to conduct LDL apheresis at least every 2 weeks. 

In conclusion, LDL apheresis treatment signifi- 
cantly reduced serum lipids, and it was an efficacious 
therapy in the prevention of restenosis after PTCA 
in patients with hypercholesterolemia. 

REFERENCES 

1. Leimgruber PP, Roubin GS, Hollman J, Cotsonis GA, Meier 
B, Douglas JS, King SB, Gruentzig AR. Restenosis after suc- 
cessful coronary angioplasty in patients with single vessel dis- 
ease. Circulation 1986;73:710-7. 

2. Levine S, Ewels GJ, Rosing DR, Kent KM. Coronary angio- 
plasty: Clinical and angiographic follow up. Am J Cardiol 
1985;55:673-6. 

3. Olmes DR, Vlietstra RE. Smith HC, Vetrovec GW, Kent 
KM, Cowley MJ, Faxon DP, Gruentzig AR, Kelsey SF, Detre 
KM, Van Raden MJ, Mock MB. Restenosis after percutane- 
ous transluminal coronary angioplasty (PTCA): A report 
from PTCA registry of the National Heart, Lung and Blood 
Institute. Am J Cardiol 1984;53:77C-81C 

4. Mata LA, Bosch X, David PR, Rapold HJ, Corcos T, 
Bourassa MG. Clinical and angiographic assessment 6 months 
after double vessel percutaneous coronary angioplasty. J Am 
Coll Cardiol 1985:6:1239-44. 

5. Jang GC, Block PC, Cowley MJ, Gruentzig AR, Dorros G, 
Holmes DR, Kent KM, Lcathcrman LL, Mylcr RK, Sjolander 
SME, Stertzer SH, Vetrovec GW, Willis WH, Williams DO. 
Relative costs of coronary angioplasty and bypass surgery in a 
one vessel disease model. Am J Cardiol 1984;53:52C-5C. 

6. Ellis SG, Roubin GS, Wilenlz J, Douglas JS Jr, King SB (11. 
Effect of 18- to 24-hour heparin administration for prevention 
of restenosis after uncomplicated coronary angioplasty. Am 
Heart J 1989;117:777-82. 

7. Schwartz L, Bourassa MG, Lespe ranee J, Aldridge HE, Ka- 
zim F, Salvatoni VA, Henderson M, Bonan R, David PR. 
Aspirin and dipyridamole in the prevention of restenosis after 
percutaneous transluminal coronary angioplasty. N Engl J 
Med 1988;318:1714-9. 



Therapeutic Apheresis, Vol. 2, No. I, 1998 



70 



S. KANEM1TSU ET AL. 



8. Thornton MA, Grucnizig AR, Hollman J, King SB III, Doug- 
las JS. Coumadin and aspirin in prevention of recurrence after 
transluminal coronary angioplasty: A randomized study. Cir- 
culation 1984;69:721-7. 

9. Corcos T, David PR, Guiteras Val P, Ren kin J, Dangoisse V, 
Rapold HG. Failure of diltiazem to prevent restenosis after 
percutaneous transluminal coronary angioplasty. Am Heart J 
1985;109:926-31. 

10. Serruys PW, Rutsch W, Heyndrickx GR, Danchin N, Mast G, 
Wijns W, Rensing BJ, Vos J, Stibbe J, CARPORT Study 
Group. Prevention of restenosis after percutaneous translu- 
minal coronary angioplasty with thromboxane A2 receptor 
blockade: A randomized, double blind, placebo-controlled 
trial. Circulation 1991;84:1568-80. 

11. Hermans WRM, Rensing BJ, Strauss BH, Serruys PW. Pre- 
vention of restenosis after percutaneous transluminal coro- 
nary angioplasty (PTCA): The search for a magic bullet. Am 
Heart J 1991;122:171-87. 

12. Dahlen GH, Guyton Jr, Sttar MK, Farner JA, Gotto AM Jr. 
Association of lipoprotein Lp(a), plasma lipids, and other li- 
poproteins with coronary artery disease documented by angi- 
ography. Circulation 1986;74:758-65. 

13. Rhoads GG, Dahlen G, Berg K, Morton NE, Danncnberg 
AL. Lp(a) lipoprotein as a risk factor for myocardial infarc- 
tion. JAMA 1986;256:2540-44. 

14. Oshima S, Uchida K, Yasu T, Uno K, Nonogi H, Haze K. 
Transient increase of plasma lipoprotcin(a) in patients with 
unstable angina pectoris. Arterioscler Thromb 1991;11:1772-7. 

15. Hoff HF, Beck GJ, Skibinski CI, Jurgens G, O'Neill J, Kra- 
mer J, Lytic B. Serum Lp(a) level as a predictor of vein graft 
stenosis after coronary artery bypass surgery in patients. Cir- 
culation 1988;77:1238-44. 

16. James AH, Bryan CD, Hisham B, John SD, Spencer BK III, 
Nicholas JL, Gary SR, Demetrios SS. Usefulness of serum 
lipoprotein(a) as a predictor of restenosis after percutaneous 
transluminal coronary angioplasty. Am J Cardiol 1992;69: 
736-9. 

17. Yamamolo H, Imazu M, Yamabe T, Ueda H, Hattori Y, Ya- 
makido M. Risk factors for restenosis after percutaneous 
transluminal coronary angioplasty: Role of lipoprotcin(a). 
Am Heart J 1995;130:68-73. 

18. Mabuchi H, Michtshita I, Takeda M, Fujita H, Koizumi J, 
Takeda R, Takada S, Oonishi M. A new low density lipopro- 



tein aphcrcsts system using two dextran sulfate cellulose col- 
umns in an automated column regenerating unit (LDL con- 
tinuous aphcresis). Atherosclerosis 1987;68:19-25. 

19. U.S. Department of Health, Education, and Welfare. Na- 
tional Institutes of Health. Lipid Research Clinics Program. 
Manual of Laboratory operation, Vol. 1. Lipid and lipoprotein 
analysis. Washington. D.C.: U.S. Government Printing Office. 
DHEW publication no. (NIH) 75-628, 1974. 

20. Friedenwald WT, Levy RI, Frederickson DS. Estimation of 
the concentration of low density lipoprotein cholesterol in 
plasma without use of the preparative ultracentrifuge. Clin 
Chem 1972;18:499-508. 

21. Ventrex Laboratories, Inc., Instructional Manual. Ventrex 
RIA for apotipoprotein A-l and B. Portland, ME: Ventrex. 
1988. 

22. Brandstrom A. Johnson O, Dahlen G, Ranby M. Lp(a) levels 
in a healthy population measured by a new enzyme linked 
immunosorbent assay (abstract). Thromb Haemostasis 1989; 
62:573. 

23. Loscalzo J, Weinfeld M, Fless GM, Scanu AM. Lipopro- 
tein (a), fibrin binding and plasminogen activation. Arterio- 
sclerosis 1990;10:240-5. 

24. Morimoto SI, Mizuno Y, Hiramitsu S, Yamada K, Kubo N. 
Nomura M. Restenosis after percutaneous transluminal coro- 
nary angioplasty-a histopathological study using autopsied 
hearts. Jpn Circ J 1990;54:43-56. 

25. Ross R, Glomsei J, Kariya B, Harker L. A platelet-dependent 
serum factor that stimulates the proliferation of arterial 
smooth muscle cells in vitro. Proc Natl Acad Sci USA 1974; 
71:1207-10. 

26. Myler RK, Topol EJ, Shaw RE, Stertzer SH, Clark DA, Fish- 
man J, Murphy MC. Multiple-vessel coronary angioplasty: 
Classification results and patterns of restenosis in 494 con- 
secutive patients. Catheterization Cardiovasc Diagn 1987;13: 
1-15. 

27. Rakesh S, Alan RM, Gerardo V, Vidya SB. Prevention of 
restenosis by lovastatin after successful coronary angioplasty. 
Am Heart J 1991;121:1600. 

28. Okamura K, Toujyo O, Arai H, Saitou S, Kubori S, Kitaoka 
T. Treatment of familial hyperlipidemia complicated by isch- 
emic heart disease-focus on LDL apheresis-. Treatment \9?&\ 
70:2277-31. 



Therapeutic Apheresis, Vol. 2. No. I, J 998 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the Original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

^^IMAGE GUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

t 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
^^JEFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: - ■ - . . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



